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AJITOPUTM BUBOPY IAPAMETPIB EJTEKTPUYHOI CUJI0OBOI
YCTAHOBKH BE3ITIIJIOTHOI'O JUTAJIBHOTI'O AITAPATY 3
BPAXYBAHHAM MAPHIPYTY IOJIBOTY

En In recent years, unmanned aerial vehicles with electric propulsion have taken a
substantial UAV market share. Electric driving power provides a clean and simple
operation, reliability and ease of maintenance. Electric power plants also have low
levels of noise and vibration.

The purpose of this article is to provide an algorithm for selection of UAV’s
electric propulsion parameters for the route, consisting of different flight modes.

Small class UAV which performs the flight on the route with areas of climb,
level flight and turn has been analyzed.

This article describes mathematical models suitable for numerical calculation:

Y Hayionanvnuii mexuiunuii yuigepcumem Ykpainu «KuigcoKuil noaimexHivHuil iHCMumymy,
Dakynemem agiayiiHux i KOCMIYHUX CUCTEM

2 Hayionanvhuii mexuivmnuii yuigepcumem Ykpainu «KuigcoKuil noaimexHiuHuil IHCIMumymy,
Kageopa npunadie ma cucmem xepysanms nimansHumu anapamamu

¥ Hayionanvmuii mexmiunuii yuigepcumem Yrpainu «Kuigcoxuti norimexuiunuil incmumymy,
Kageopa npunadie ma cucmem Kepysants IimaibHumMu anapamamu


http://dx.doi.org/

99
Po3zoia 3. KepyBanuis

the aerodynamic characteristics of UAV, the elements of UAV’s electric propulsion
system, flight dynamics in different flight modes. Further, these mathematical models
were linked in one algorithm. According to the algorithm the software for the calcula-
tion has been created. For different flight routes the configuration of the electrical
power plant with high efficiency on the route has been calculated. The effects of the
battery current and voltage settings on the propulsion efficiency have been investi-
gated.

Calculations results according to the algorithm showed that accounting for the
flight route allows selecting the parameters of the electrical propulsion system of the
UAYV, more rational in terms of energy use compared to selection based on one main
flight mode.

Ru Llenpto MaHHOM CTAaThU SBJSIETCA CO3/aHUE AITOpUTMAa BhIOOpa MapameTpoB
AJIEKTPUYECKOM CHIIOBOM ycTaHOBKM brnJIA s Mapuipyra, COCTOSIIETO U3 pa3jivy-
HBIX PEXHUMOB moJieTa. [ pa3paboTKu alropuT™Ma pacCMOTPEH OSCIMIIOTHBIN JieTa-
TENbHBIM ammapar Majoro Kiacca, KOTOPBIA BBIIOJHAET IOJIET [0 MapLIPyTy C
y4acTKaMy Habopa BbICOTHI, TOPU30HTAIIBHOIO TI0JIETA, BUpaKa.

Hayunas HOBM3HA 3aK/IIOYaeTCss B y4eTe Pa3IMUHBIX peXUMOB rnosera brJIA
npy BBIOOpE MapaMeTpOB SJIEKTPUUECKON CHIIOBOM YCTAHOBKH, IIyTEM YHUCIEHHOTO
pacuera.

JIist co3maHms alropuT™Ma OMMCAHBl MOAXOJAUINE I YMCIEHHOIO pacyera Ma-
TEMaTHYECKHE MOJEIIN: a3POJUHAMUYECKUX XapakTepucTuk bnJIA, anemMeHToB aiek-
TPUYECKON CHIIOBOM ycTaHOBKM bnJIA, nuHamuky mosieta B PasIMYHBIX peXUMAax
nosieta. MareMaTu4eckre MOZEIN CBA3AJIM B OJHOM aJIT'OPUTME, COIVIACHO KOTOPOMY
CO3/1aHO MpOrpaMMHOE oOecrieueHue i pacyera. [ pa3iauuHbIX MapHIpyTOB pac-
CUNTaHbl KOH(UIYpalluu 3J1EKTPUYECKON CHIIOBOH YCTaHOBKH, MMEIOIME BBICOKUN
KIIJ] na mapmpyre. UccnenoBano Biausinue pabouyero toka u Hanpspkenus Ha KITJ]
CUJIOBOH YCTaHOBKH.

Pesynprarhel pacuyeToB 10 JAHHBIM AITOPUTMOM IOKA3aJIH, YTO Y4E€T MapIIpyTa
0JIeTa MO3BOJIAET BHIOPATh MapaMeTpbl AJIEKTpUYecKol cruiaoBoil yctaHoBkH BITJIA,
OoJsee palMOHAIbHBIE C TOYKU 3PEHUs 3aTpaulBaeMOM SHEPTUU MO CPAaBHEHUIO C BbI-
©60pOM TOJIBKO /7151 OAHOTO OCHOBHOTO PEXUMa MOJIeTa.

Beryn

B pe3ynbTaTi po3BUTKY €JIE€KTPOHIKH: 30UIbIIEHHS MUTOMOI €HEPrOEMHO-
CTl XIMIYHUX aKyMYJISITOPIB, MOSIBU O€3KOJIEKTOPHUX E€IEKTPUYHHMX JIBUTYHIB,
PO3BUTKY €JIEKTPUYHUX MIKPOKOHTPOJIEPIB Ta 3/ICUIEBICHHS LIUX CKJIAJOBUX, B
OCTaHHI poku Oe3minoTHI JiTanbHi anapatu (bnJIA) 3 enexkTpuyHOi CHIIOBOIO
ycraHoBkoto (ECY) 3aifHsin CyTT€BY 4YacTKy PUHKY O€3MIJIOTHUX JIITATBbHUX
anapatiB [1]. Enextpuuna pyuriiiHa cuia 3a0e3nedye MpocTy 1 YUCTy poOoTy,
HAJINHICTh, TPOCTOTY OOCITYroByBaHHS. EJNEKTpUYHI CHIIOBI YCTAaHOBKH MalOTh
HU3bKI1 pIBHI IIyMY Ta BiOpariii.

OCHOBHI YaCTHHU EJEKTPUYHOI CHUJIOBOI YCTaHOBKH: MpOIEIep, MOTOP,
KOHTpOJIEp JBUTYHA, akymyisaTop. Enextpuuna cuioBa ycraHoBka bnJIA wiHi
Ta MIKpO Kiacy ckiangae 25-40% Barum niTanpHOTO amapary [2-5], mo mpsmo
BIUIMBAE Ha Bary IUIaHepa, JOCTYIHY Bary KOPHUCHOTO HAaBaHTAXKEHHS, TPUBa-
JICTh MOJBOTY, MIBUAKICTh MOJBOTY Ta 1HII XapaKTEPUCTUKHU JIITAJIBLHOTO ara-
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paty. Tomy oOpaHi nmapaMeTpu €IeKTPUYHOI CUIIOBOI YCTAHOBKHM CYTTEBO BILIU-
BaIOTh Ha Pe3yJIbTYI0Yl JIbOTHO-TEXHIYHI XapakTepucTuku briJIA.

ITocTanoBka 3amaui

[IpoananizoBani meroauku Bubopy napamerpiB ECY po3paxoByroTh 0a-
KaHl TTapaMeTpH €JIEMEHTIB CHJIOBOi YCTAaHOBKH I OJHOTO, 3a3BUYail OCHOB-
HOTO PEKAMY — Kpercepchbkoro moiboTy [6]. AGo po3paxoByroTh OakaHi mapa-
METpU 3 YMOBHU MaKCHMIi3allii MEBHOrO MapameTpy (TPUBAJIOCTI YU JAIBbHOCTI
MOJIbOTY) Ta BUKOHAHHS J0JIaTKOBOi yMOBH (mIBUAKomigiomHocTi) [4]. [lanri
METOJIM HE BPaxOBYIOTh Pi3HI PEKUMHU MOJBOTY, SIKI € HEBIA €MHOIO YaCTHHOIO
OyAb-SIKOTO TONBOTY JITAILHOTO anapary. Hanpukiaz, e pexxumu: Habopy BU-
COTH, 3HMUKECHHS, KpeHCEepPChbKOTo MOIbOTY, OapakyBaHHs, Bipaxy. ToMmy aaHi
METOJY HE J03BOJISAIOTH 3 0a)KaHOIO TOUHICTIO BU3HAYATU MMApaMETPU €JIEMEHTIB
ECY BIUIA.

Mera po6oTu — CTBOpeHHs anroputMmy Bubopy mapamerpis ECY briJlA
JUISL MapUIpyTy, IO CKJIAJA€ThCS 3 PIZHUX PEXKUMIB MOJBOTY, AOCTIIKEHHS
BILTMBY napameTpiB eneMeHTiB ECY Ha edexktuBHicTh mosiboTy briJIA.

MeToauka J0CTiIKeHHA

B sikocti 06’exTa mocipkenHs po3riasHyTto briJIA (puc. 1), Bukonyrouuii
MOJIIT IO MapuIpyTy. MapuipyT nojapoTy CKJIAIa€Thes 3 PEXKUMIB: HAOOPY BUCO-
TH, TOPU30HTAILHOTO TMOJILOTY 1 Bipaxy (puc. 2).

\/opusoHmanshud nomm

Puc. 1. Enextpuyna cunoBa ycranoBka BIIJIA Ta mapmipyT nonsoTy:
1 — MOBITPSIHUI TBUHT, 2 — 0€3KOJIEKTOPHUHN €IEKTPUYHUN MOTOP MOCTIMHOTO
CTpyMy, 3 — eJeKTpuuHuii KoHTpojep, 4 — Li-P0 akymynsropHa Oarapes;
P — cuna taru; Y — migiioMHa cuia; X — cujia CynpoTuBY; R — piBHOAir0UA ae-
poauHamMiuHux cuil; G — cuna TskiHHS, H — BUCOTa MOJIbOTY, L — TOBXKUHA Bi-
Ipi3Ka MapUIpyTy
JIJist omycy JIiTambHOTO amapary OyJjo BH3HAUYEHO MaTEeMaTHYHI MOJEi:
aepoauHaAMIYHUX XapakTepuctuk briJIA, mapamerpiB npomenepa, €1eKTPUIHOTO
MOTOpa, KOHTpOJIepa Ta aKyMyJIATOpHOI OaTapei. MarematnuHna MoAeNNbh Mapiii-
pYTy TOJLOTY TPEJACTaBlI€HA PIBHSHHSAMU JWUHAMIKA JUISI PI3HUX PEKUMIB
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nonkoTy briJIA. Jlani 111 MaremaTudHi Mojeli OyJio MOB’A3aH0 Y OJHOMY ajro-
PUTMI.

Jlis po3paxyHKy aepoJMHAMIYHUX XapaKTePUCTHK JIITATBHOTO amapaTa
BUKOPHCTAHO HACTYIHUU BUPA3, TaK SK BiH MPOCTHH 1 y MEepIIOMYy HAOIMKEHHI
tTouHui [4]:

C, = 0,03 + 0,066 C,?, (1)
ne Cy, Cy — BIJIMTOBITHO KOE(MIIIEHTH OMOPY 1 MiTHOMHOI CHJIH JIITAJTLHOTO ara-
pary.

Enexmpuuna cunosa ycmanoska. BukopucraHo npsMuii IpuBoj, TOOTO

CHJIOBA YCTAHOBKA HE Ma€ PEIyKTOPY 1 00epTaabHa MIBUIKICTH MpOIeiepa J0pi-
BHIO€ 00€pTaJIbHIN IMBUIKOCTI IBUTYHA, ().

IIponenep. JliameTp mpomenepa 3 eKCIUTyaTalliHUX yMOB OyB oOMexe-
HUM:

D <0,3m. (2)

[IBuakicTe oOepTanHs mporenepa 0ya0 0OMEXEHO JO3BYKOBUMHM IIBU/I-
KOCTSIMU KIHII€BO1 XOP/H JIONAaTI:

M, <0,7. 3

Pospaxynok 1sru P 1 moTpiOHOT oTy)HOCTI N TBUHTAa BUKOHAHO 32 1M-
MyJBCHOIO TEOPI€I0 MOBITPSIHUX TBUHTIB [8] METOIOM HAaOIMKEHOTO PO3PaXyH-
KY.

Po3paxynkoBe uncio PeitHosbaca A1 gomnari nponenepa:

R v-b 27,5-0,022 .4 A
©= 75 T Ts2-105 0% )
Jie V — HIBUJKICTh MOTOKY BIHOCHO XapaKTEepPHOTo nepepidy jomarti (r = 0,75),
b — xopaa xapakTepHoro mepepidy Jyonati (r = 0,75), 9 — kiHeMaTn4yHa B'S3-
KicTh Ha Bucoti H = 0 ™ [9].

Xapakrepuctuku aepoauHamiuaoro npodiato npu Re < 100000 cyrreBo
BiZpi3HsAt0oThCs Bix Outbmux Re [10, 11]. Ilpu takoMy mamomy yuciti PeiHOb -
ca BEJTMKUI BIUTMB Ha XapaKTEPUCTUKHU MPOPLII0 Mae BiJIpUB MOBEPXHEBOTO II1a-
py TIpH JIaMiHapHOMY OOTIKaHHI HaBITh MPU MAIUX KyTax aTaku. TypOymizaiis
MOTOKY MOBITPSTHUM TBUHTOM HIBENIOE 11eH (HaKTOp 1 poOUTH MOTIK TypOyJIEeHT-
HUM, TOMY MPHUUHATO aepoAMHaAMIYHy sKicTh mpoditro yomari K = 9,8 [11].
Tomy y po3paxyHKy XapakTEepUCTHK Mporiesiepa 3a [8] mpuiHsTo:

i = arctg (%) ~ 6°, (5)

Je L — KyT BIIXWJICHHS KOoe(illi€eHTa MOBHOT aepOJMHAMIYHOI CUIIU Cp BiJl KOE-
dbimieHaTa miIHOMHOT CHITH Cy.
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O6pano npodins mponenepa SD7080, xapakTepucTUKH sIKOro Oyiau Jg0cC-
mipKeHi y aepoauHamivniil Tpy6i npu Re = 60000 [10]. Horo C,, i C, onucani
3aJIeKHOCTSIMU:

C, = 0,14 4+ 0,095 «, (6)
C,=0,018+0,018-C,?, (7)

Jie o — KYT aTaky MpoQuIto.

OOpaHO JBOX-JIONMATEBUIl MOBITPSHHUIA TBUHT, 10 € ONTHMAIbLHHUM BHOO-
poM mpu Manux umciaax Peinonpiaca (Re < 100000) [9], ximbKicTh jomarei
k=2,

Enexmpuunuii momop i konmponep. OCHOBHI MapaMeTpu €JIEKTPUIHOTO
JBUTYHA!
—  MakCUMaJibHa MOTYXXHICTb P,y _ma, BU3HAYAETHCS BUPA30OM [4]:

Pout-max = 200 -my,, (8)

JIe My, — Maca eJIeKTPUIHOTO MOTOPA,;
— mBHAKICHA KoHcTaHTa K, [4]:

K, =170 -my, ; 9)
— BHYTpIilHIi# onip ABuryHa R, [4]:
60000
a= K—vz ; (10)
— cTpyM xosocToro xoxuy I, [4]:
=22, (11)
Ra

VY naHoMy IOCHIKEHHI €JIEKTPUYHHUM IBUTYH IMPEACTABIECHO IPOCTOIO
MOJICILTIO TOTYKHOCTI [4, 13], 1e BXiqHA MOTYXKHICTh KOHTposepa P, 1 BuxigHa
NOTYXHICTh Bally IBUryHa P,,; npeacTasieH1 GopMyaamMu:

P =Up " lin, (12)
Pout = (Uin —Io) * (Uin — lin " Ra) , (13)

ne Uy, — BxigHa Hanpyra KOHTpoJiepa, I;;, — BXIIHUWA CTPYM KOHTpOJIEpa.

MakcumanbHuil poOouuil CTpyM I,y € BAKIMBOIO XapaKTEPUCTHKOIO
MOTOpa 1 KOHTpoJjepa. BiH He Mae OyTu MepeBHUILEHUN, TOMY B 1aHOMY JOCHI-
JUKEH1 BX1THUM CTpyM KOHTposepa I, 0OMeKeHI YMOBOIO:

Iy < Ipax = 100 A. (14)

Axymynamop. ns nocimipkeHHsT oOpaHO aKyMyJISITOpHI Oarapei Tuiy
Li-Po, 1110 MaroTh MOPiBHSHO BHCOKY MMUTOMY €HEPreTUYHY €EMHICTh, KOMEPIIiHi-
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HO JOCTYIHI 1 IIMPOKO BUKOPUCTOBYIOThCA y BiJIA. Onun Li-Po enement mae
cepennio Hanpyry 3,7 B [14, 15], ToMy BXigHa Hampyra KOHTpoJiepa BH3Haya-
€THCS SIK:

Viy =3,7-S, (15)

ne S — KIIBKICTh OCTIA0OBHO 3’ €THAHUX aKyMYJIITOPHUX €JIEMEHTIB.
BaxxnuBuM mapaMeTrpoM akyMyssITOpHOI Oatapei € maca Gatapei mp, 110
OB’ s13aHa 3 CHEPTreTUYHOIO0 EMHICTIO OaTapei Ep HacTynmHUM Bupas3om [4]:

Eg = 4,04 -mg? + 139 -mp + 0,0155. (16)

Peoscumu nonvomy bnJIA no mapwpymy. JIOCTiHKEHO HACTYITHI PEKUMH
nonboTy briJIA: HaGip BUCOTH, TOPU30HTAIILHUAN TIOJIIT, BIpaXK.

J1is cripoiiieHHsT po3paxyHKiB HAa0Opy BUCOTH PO3IIIIHYTO PEXKHUM MPSIMO-
JIHIAHOTO CTaJIOro HabOpy BHCOTH, SIKMH MPEACTABICHO HACTYIMHHMH PIBHSIH-

Hsamu [16]:
P=X,+m-g-sin®, (17)
Y,=m-g-cosb, (18)

ne P — notpiOHa Tsra CUJIOBOi YCTAHOBKH, X, — CHJIa OMOPY JIiTaKa Yy MIBHJKIC-
HIl cHUCTEeMI KOOpJMHAT, M — Maca JiiTaka, 0 — KyT Haxui1y TpaekTopii, Y, — mia-
HOMHa cuJia JTiTaka y MIBUAKICHIA CHCTEMI KOOPIUHAT.

[IpssMomiHIHUN CcTanuil TOPU3OHTAIBLHUN TOJIT MPEACTABICHO HACTYII-
HUMHU (HOopMyTIaMu:

P=X,, (19)
Y,=m-g. (20)

PexxuM npaBHIIBHOTO CTAJIOTO Bipaky BU3HAYAETHCS HACTYITHUMHU (HOPMY-
namu [16]:

P=X,, (21)

Y=m-g-n,, (22)
VZ

R (23)

Jie Ny, — HOPMAJIbHE NEPEBAHTAXKEHHS, R — pajiiyc Bipaxy.
MiHiMallbHUI TOMYCTUMHM pajilyc Bipaky BU3HAUaeThes 3 popmynu (23):

V.2
Rpin = = ’ (24)
g n 2-1

ymax
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ne V,, — WBUAKICTh 3BAJIIOBAHHS, ny . — MaKCHMaibHe eKCILTyaTalliiine HOp-

MaJIbHC IICPCBAHTAKCHHA.

Aneopumm 6ubopy napamempis eleKmpudHoi cuno80i ycmarnogxku. 3a Ja-

HUMH MaTeMAaTHYHUMH MOJICIIIMH PO3POOJICHO aarOpHUTM BHOOPY HapameTrpiB
ECYVY (puc. 2) Ta po3pobiieHo niporpamy y cepemosuiii Microsoft Visual Studio
Express.

Pe3yabTaTH n0CaigKeHHs

Posrnsnyro wmiHi-brniJIA 3  HacTymHMMHM XapaKTepUCTUKaMHU: Maca

m = 4 xr, wioma kpuia S, = 1 M%, mioma migento S, = 0,1 M?, nomycrima
MBUAKICTH TokoTy v = 20 ... 35 M/c.

Jocnioxcenns eniugy pescumie nonvomy na napamempu ECY. 3a nomo-

MOTOI0 PO3POOJIEHOI MporpaMu MiAiIOpaHo MapaMeTpu CUIIOBOI YCTAaHOBKU IS
HACTYMHUX MapUIPYTiB MOJBOTY:

1) BUKIIOYHO TOPU3OHTATBHUMN TIOJIT;
2) BWKJIIOYHO Bipax;
3) TOpHM3OHTAJIBHHMIA MOJIIT 3 BpaXyBaHHSM BUMOT PSKUMY Bipaxy;
4) xomOiHOBaHa TpaekTopis: 90% MOBKHUHU MapIIPYTy FTOPU3OHTATIBHHUN TOJIIT,
10% - Bipax.
BxinHi mapameTpu 711 KOXKHOTO pekUMy HaBeJeHO y Ta0. 1.
Tabauys 1.
BXiH1 mapameTpyu MapmpyTiB MOJIbOTY
. P,
TpaexkTopist moJIbOTY v, M/c H, m L'm R, m Kr/ar
["opu3oHTaIBHUHN TOJIT 31 50 18000 - 1,22
Bipax 22 50 2000 50 1,22
["opu3oHTaNBHUI TOJIT 3 Bpaxy- 20000 /
BaHHSM BUMOT PEKUMY Bipaxy 31/22 50/50 001 /50 1,22
(TOpHU30HT. MOMIT / BIpax) ’
K0M61HOBaHI/II/I.Map1'Hp}IT 31/22 50/50 18000/ /50 1.2
(TOpHU30HT. MOMIT / BIpax) 2000

Pospaxoani nmapamerpu ECY HaBeneno y tadm. 2.
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Beig MapmipyTy i napamerpie BILTA { H, V. L6, R om, 5, S

HactynHa iTeparuis,
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LECY 3 xpokom A
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+AD, +A@., +AVy, e

I D, ¢, ng, By,
Po3paxyHOK TOBITPAHOTO TRHHTS

L / nl"BHHTﬂ

Meperipxa BHKOHAHHI BHMOT _<(
HCODXITHOT TAMH 1 NOTYKHOCTI L v
[ mw, Ky Rado ]
PospaxyHOK CICKTPHYHOIO MOTOPA / Mo SV a0 /
Td KOIITPOIACpa j I T By /
{ /
Hi
[Meperipka Ha JOTIVCTHMHH CTPYM fin = Imax »
Tak
. ‘l/l’ ll'J
PospaxyHox akymynaTopaol datapei / Eg, mg /“
e
(]
’

Pospaxydox saransioro KK na . /
MAPLIPYTI

Ileperipxa MiHIMATEHOCTI
eHEPrO3aTpaT Ha MApIIPYT

Y

/

/ 3anuc y nam’aTh /
/ xoudirypanii ECY //

/ ,
Puc. 2. Anroput™m Bubopy napametpis ECY
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Tabnuuys 2.
Po3paxoBani mapaMeTpu €IEKTPUIHOI CUIIOBOI YCTAaHOBKU
I'opuzonTanb- | Bipax | T'opu3oHTaABLHMHI Komo0inoBa-
HHUH MOJIIT MOJIIT 3 HU
BPaxXyBaHHSAIM BUMOI'| MapUpyT
peKuMYy Bipaiy

D, m 0,23 0,12 0,23 0,12
n, 06./xs. 3840 5190 3840/ 2760 7710 / 5550
@, Tpa. 43 51 43 48
Vi, B 25,9 3,7 25,9 22,2
K,, % 482,57 1266,11 482,57 482,37
P, Bt 281,83 107,42 281,83 281,94
Mgy, KT 0,35 0,13 0,35 0,35
| [E— 0,78 0,76 0,78 0,76
Nasur 0,85 0,78 0,85 0,84
NEcy 0,66 0,59 0,66 0,64

Jie N — MBHUJAKICTh 0OOEpTaHHS I'BUHTA,
(P, — KYyT YCTAaHOBKHU XapaKTEPHOIO Mepepi3y JIonaTi FrBUHTA,

M ey — Maca IBUrYHA,
Nreunra — KK TBUHTA,

Npeur — KK €1€KTpHYHOTO IBHUIYHA,

Necy — KK/ enektpudHOi CUII0BOT YCTAHOBKHM.
Bapro 3a3HaunTH, 10 IJ15 KOKHOTO MapLIpyTy MNOJbOTY Oa)kaHi mapame-

TPH €JIEKTPUYHOI CUJIOBOI YCTAHOBKHU CYTTEBO BIJIPI3HSIOTHCA.
Oco0MBO BaXJIMBO BIIMITHTH, IO MK KOHQITypalisiMyd 3 BpaXyBaHHIM
pexxuMy Bipaxy 1 3 BpaxyBaHHsIM 10% MonbOTY B peKHUMI Bipaxy € BEJTUKA Pi3-
Hul. OTxe, BpaXyBaHHs JIMIIE BUMOT PEXKUMY BIpaXKy HE J103BOJISIE OTPUMATH
HalKpallll XapaKTepUCTUKH €JIEKTPUYHOI CHIJIOBOI YCTAaHOBKU Ha 000X peKuMax

MOJILOTY.

[Tinbepemo mapaMeTpu CUIIOBOI YCTAHOBKH JIJISl TAKMX MapIIPYTIB MOJIbO-

TY:

1) BUKIIOYHO TOPU3OHTAIBHUMN TIOJIT;

2) BHKIIIOYHO HaOIp BHCOTH;

3) TOpU3OHTAIBHUH MOJIT 3 BpaXyBaHHSM Ha0OpY BUCOTH;
4) xombGiHoBaHu# MapiipyT: 80% AOBKUHH TPAEKTOPIi TOPU3OHTAILHU MOTIT,

20% - Bipax.

BxinHi mapameTpu 7151 KOXKHOTO PeKUMY HaBEACHO y Ta0. 3.
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Tabauuys 3.
BxianHi mapameTpu MapuipyTiB HOJbOTY
. o P,
TpaexkTopist N0JabOTY v, M/c H, m L,m 0, K/’
["'opu3oHTANBHUHN TTOMIT 31 1000 18278 - 1,11
Habip Bucotu 22  50...1000 4570 12 1,16
["opu3oHTaIBLHUH TIOMIT 3 Bpa-
XyYBaHHSIM Ha0OpY BUCOTH 31/ 29 1000/ 18278/ /12 1,11/
(ropu30HT. TIOIT / HAbIp BUCO- 50...50,01 0,01 1,16
TH)
(ropuson. noin | maGip suco- 31722 1000/ 1821811y L1L
m)p 1ot P 50...1000 4570 1,16
Pospaxosani napamerpu ECY naBeneno y tadi. 4.
Tabauuys 4.
Po3paxoBani mapamMeTpu eJIeKTPUYHOI CUIIOBOT YCTAHOBKH
I'opuszoHTaabHuMit
I'opuszonrTanb- | Habip | mouir 3 BpaxyBan- | KomOinoBa-
HUH MOJIIT BHCOTH | HSIM IIBHAKOMNIA- | HUM MapIIPyT
HOMHOCTI
D, ™ 0,17 0,26 0,27 0,17
n, 06./xs. 4830 2490 2640 / 3300 4830 / 5520
@, Tpan. 43 46 42 43
Vin, B 22,2 33,3 29,6 29,6
P, BT 257,38 331,25 341,61 335,4
K, &L 528,4 410,56 398,11 405,49
my, KT 0,32 0,41 0,43 0,42
Nrsunra 0’77 0;77 0,78 0,76
Nasuryua 0,84 0,85 0,84 0,85
Necy 0,65 0,65 0,66 0,64

3HOBY MM 0a4MMO, IO JUIsl KOKHOT TPAEKTOPIT MONBbOTY OaxkaHl mapamer-
pH €JIEKTPUYHOT CUJIOBOI YCTAHOBKHU CYTTEBO BIJIPI3HSIOTHCA.
[ 3HOBY € Benuka pi3HUI MDK KOH(ITypalisMH 3 BpaxyBaHHSM JUIIE
HIBUJIKOMIAHOMHOCTI 1 3 BpaxyBaHHsAM 20% AOBXKUHU MOJILOTY B PEXUMI HA0O-
py Bucotu. Lle o3Havae, 0 BpaxyBaHHS JIMIIE BUMOT IIBUAKOMIAMOMHOCTI HE
JI03BOJISIE OTPUMATH HaWKpaIlll XapaKTepUCTUKH €JIEKTPUYHOI CHIIOBOI yCTaHOB-

KM Ha 000X pPEeKHUMax MOJIbOTY.
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Jocniooicennsn 6naugy 6xXiOHUX cuiu cmpymy i Hanpyeu. 3 yMOBH HE Tiepe-
BUILICHHS JIOMTyCTUMOTo cTpymy (14) pospaxoBani KoH}Irypaiii eIeKTpuIHOl
CUJIOBO1 ycTaHOBKH 3 HavikpamuM KKJ]I mis pisHux 3HA4YEHbD [, 4, I MapIipy-
TiB 3 Tabmutl 3, KK/[ enexTpudHoi CHI0BOi yCTAaHOBKM HAaBEICHO Ha pucC. 3.

[Ipu ;4 = 30 A xoediiieHT KOPUCHOI 1 CHJIOBOi yCTAaHOBKH MPAaKTHY-
HO He najae. [Ipu noganeimomy 3MeHieH1 gonycrumoro ctpymy KKJI nmounnae
CTPIMKO 3MEHIIYBATHUCh, TIPH I;,4 = 5 A Ngcy = 0,46, T0OTO ¥ 1,4 pasu meH-
1€ HAMKpaIoro.

0,68

0,64 /K”‘

06 /)

0,56 ,-

0,52

048 |/

0,44
0 10 20 30 40 50 60 70 8 90 100

|maxf A

Habip BucoTw KomBiHOBaHWMIA maplupyT

[OpPWU30HTaNBHUIA NONIT

Puc. 3. 3anexnicts KKJ[ cuioBoi ycTaHOBKM BiJT MaKCHMalbHOTO
JOOITyCTUMOTO CTPYMY Ipax

JIst pi3HUX 3HAYEHb HANPYTU akyMyJsiTopHoi Oartapei Uj, po3paxoBaHO
palioHa bHI MOXJIMBI KOH(Irypaiii eJeKTPUYHOI CHUJIOBOi YCTAaHOBKU TMIPH
Lnar = 100 A qyis mapmipyTiB 3 Tabu. 3, KKJI enextpuyHoi cHIIOBOi yCTaHOBKH
HaBeJICHO Ha puc. 4.

0,68

0,66

0,64

0,62

0,58

0,56

0,54
7,4 11,1 14,8 18,5 22,2 259 29,6 33,3 37 40,7 44,4 481 51,8 55,5 59,2

Uim B

[OpPWU30HTaNBHUIA NONIT —3—Habip Bucotu KomBiHOBaHWMIA maplupyT

Puc. 4. 3anexunicte KK/  cuioBoi  ycTaHOBKM B~ Hampyru
akymynaropHoi 6arapei U,
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Po3zoia 3. KepyBanuis

Jlist ropu3oHTanbHOTO MoJb0oTy MakcumanbHe KK/ cuioBoi ycTaHoBku
3abe3reuyeThes pu Hanpysi 22,2B. Jlis MmapuipyTiB, 0 MOTpeOyIOTh O1IBIIOT
NOTYXHOCTI 3HaueHHs, MakcumanbHe KKJ[ mocsaraetscss mnpu Hampysi
29,6-33,3 B. Ilpu 3MeHIIIeHH] HANPyTH, TOOTO MPH 3MEHIIEHHI KIJIBKOCTI TOCTi-
JIOBHO 3’€THAaHUX akymyJsiTopHux enemeHTiB, KK cyrreBo nmanae: na 12% Bi-
nHocHo MakcumanbHoro KKJI. IIpu 36inblieHH1 Hanpyrd BiTHOCHO ONTHMAllb-
Horo KK/ cumoBoi ycTaHOBKH MOBUIBHO 3MEHINYEThCS. MEHINa, HiXK HaBeACHA
y rpadikax Hampyra He JAOCTYIMHA, OCKUIbKM MaKCHMalbHa MOTYXKHICTb OOMe-
YKE€HA TOITyCTUMHUM CTPYMOM [0, = 100 A.

BucnoBku

1. 3anpomnoHOBaHO anTOpUTM BHOOPY MapaMeTpiB €IEKTPUYHOI CHUIIOBOI ycTa-
HOBKH O€3MUIOTHOTO JITAJIBHOIO amapatry AJis 3alaHOr0 KOPUCTYBadyeM Ma-
PUIPYTY HOJIbOTY, LIJISXOM ITEPAaTUBHOTO Mepedopy KOMOIHALI mapamMeTpiB
€JIEKTPUYHOI CHJIOBOI YCTAaHOBKHM 3@ KPUTEPIEM MIHIMyMY 3aTpadyBaHOi
EHEeprii.

2. Pe3ynbraTé po3paxyHKiB 3a JaHUM aJTOPUTMOM TOKa3ajH, 10 BPaxXyBaHHS
MapuipyTy MOJbOTY J03BOJII€E OOpaTH MHapaMeTpu EJNEKTPUYHOI CHUIIOBOI
yctaHoBku briJIA, Ouibll onTUMalnbHI 3 TOYKK 30py 3aTpadyyBaHOi €HEprii,
HOPIBHAHO 3 BUOOPOM JHILE JUIsI OJHOTO OCHOBHOTO PEXUMY IOJIbOTY:
KpeiicepchKOro mojiboTy 4M OapakyBaHHs. PexoMeHI0BaHO BpaxoBYBaTH
MPOTSDKHICTh KOYKHOTO 3 PEXHUMIB MOJBOTY UM iXHI CIIBBIJHOIICHHS, & HE
JINIIIE BUMOTH IIBUAKOIIIMOMHOCTI Ta 1H.

3. Haiikpame KKJ]I enekTpuyHOi CHIIOBOT YCTAHOBKHU JOCATAETHCS MIPHU JIOMYC-
TUMOMY CTPYMi JBUTYHA 1 KOHTpoJepa [, = 30 A, mpu MEHIIIOMY CTpyMi
KK/]I miBuaKO 3MEHIITY€ETHCS.

4. st KOHKPETHOTO MapIIPyTy MOJIBOTY ICHY€E ONTUMAaNIbHE 3HAYCHHS BX1HO-
ro CTpyMy CUJIOBOi ycTaHOBKU Uj,, ipu BijaaieHi Bij 1boro 3HaueHHss KK/|
CUJIOBOI YCTaHOBKH ITOCTYIIOBO 3MEHIIYETHCS.
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